INTRODUCTION
Most people use sunscreens to avoid sunburn, whilst the more educated of those also know that sunscreen can protect their skin from premature aging and cancer [1] . However, the use of sunscreens is far from what could be expected [2] . The reason frequently conveyed by consumers for avoiding sunscreen use is that they are too greasy and leave an unpleasant feeling on the skin. If they are used, they are not applied in sufficient quantity, perhaps due to their unpleasant texture, but also a lack of information regarding their correct usage [3] .
Furthermore, skin reactions to sunscreen agents may be an issue. Contact dermatitis and photocontact sensitization can be a concern for some people [4, 5] , although it is mostly subjective irritation or discomfort that is the actual problem [6] . Finally, a rising objection to sunscreen use is the potential risk to the environment, particularly for aquatic organisms. However, these concerns may be addressed by lowering the concentration of ultraviolet (UV) filters in the formulations. This has to be achieved without compromising efficacy, which is a difficult challenge.
Increasing evidence of the damaging effects of UVA impel sunscreen formulators to use new UVA filters [7] . Consumers, as well as the European Commission (EC), have also requested greater and wider protection against solar UVA radiation [8] . To meet these demands, researchers developed UVA filters [9] . One of the first filters available was butyl methoxy dibenzoyl methane (BMDM).
Unfortunately, it has been shown that this molecule loses part of its absorbance under UV-exposure; it is photo-labile or photounstable [10] .
For many years, BMDM was the only longwave UVA filter (maximum wavelength = 357 nm) allowed in Europe and the US.
However, photostability has been, and remains, a primary focus for formulators. Photostability is obtained by removing certain UV filters and excipients known to be deleterious to BMDM, and by including ingredients known to improve its photostability [11] .
A further challenge for the sunscreen formulator is to reduce the total amount of chemical filters without compromising the efficacy. Therefore, the authors set out to find a synergetic combination of UV filters in terms of sun protection factor (SPF) and UVA protection factor (UVA-PF). In addition, an oily vehicle, which could improve the solubilization of the lipophilic UV filters, as well as ensuring BMDM photostability, was added to this combination.
The photostability, SPF, UVA-PF, and the in vivo efficacy in the prevention of photoreactions observed after yearly sun exposure [e.g., polymorphous light eruption (PLE)] were evaluated for this new complete sunscreen formulation.
MATERIALS AND METHODS

Sunscreen Products
The list of active materials [trade names, International Nomenclature of Cosmetic Ingredients (INCI) names, and maximum absorption for the UV filters] is given in Table 1 . The first part of the work was performed with simplex formulas, detailed in Table 2 , and the second part with complete SPF 50? formulations, listed in Table 3 .
Photostability
To evaluate the photostability of the BMDM, the residual concentration of 2% of BMDM was introduced in the simplex oil in water emulsion with and without bis-ethylhexyloxyphenol methoxyphenyl triazin (BEMT) and isopropyl lauroyl sarcosinate (ILS), a derivative of a natural amino acid (sarcosine, also known as N-methylglycine) (Sunscreens F, G, and H). This was measured by high-performance liquid chromatography (HPLC) after exposure to UV solar simulated radiation (SSR) with an Atlas Suntest Ò CPS (Atlas, Chicago, IL, USA), as previously described [12, 13] . The duration of BEMT bis-ethylhexyloxyphenol methoxyphenyl triazin, BMDM butyl methoxy dibenzoyl methane, ILS isopropyl N-lauroyl sarcosinate, OC octocrylene, TDSA terephthalylidene dicamphor sulfonic acid, UV ultraviolet exposure was calculated in order to deliver 18 J/ cm 2 of UVA (320-400 nm), which corresponds to the dose received during a 1 h exposure to the zenithal sun. Furthermore, the absorption spectra of Sunscreens H and I were measured by UV spectrophotometry after exposure to SSR. Two different doses were given for each sunscreen: one dose was 45 J/cm 2 of UVA, the other was 75 J/cm 2 of UVA.
SPF and UVA-PF
The SPF was measured in vivo using the international SPF test method [14] . The UVA-PF, based on the persistent pigment darkening method, was measured using the method used in Japan [15] . The measurements were performed on the simplex emulsions A, B, and C, as well as on the complete Sunscreens I and J (Tables 2, 3 ). Ten subjects were used for each measurement. in a simplex emulsion, the authors obtained a Fig. 1) . With 8.11% TDSA alone in the same emulsion (Sunscreen B), the SPF was 4.6 ± 1.1 and the UVA-PF 4.9 ± 0.1. With 8.11%
BEMT alone in the same emulsion (Sunscreen A), the SPF was 9.2 ± 2 and the UVA-PF 5.3 ± 0.9 ( Fig. 1) .
Association of TDSA and BEMT Offers
Optimal Protection Against UVA-Induced Oxidative Stress
Reactive oxygen species detection induced by UVA can be used to rate different sunscreen products from the most to the least effective in reducing oxidative stress. Table 2 ).
Sunscreens C, D, and E have a similar UV absorption spectrum. To validate this result in the different epidermis layers, the authors performed a multiphoton acquisition test, as shown in Fig. 3 .
BMDM is Photostabilized by Association with BEMT or ILS
After 1 h of exposure to SSR, which includes 18 J/cm 2 of total UVA, only 30% of the initial 2% of BMDM introduced in a simplex emulsion (Sunscreen F) was detected by HPLC. When 2%
BEMT was added to this simplex emulsion Table 3 . Figure 5 shows the UV absorption spectra of Sunscreen J before and after SSR exposure, which included 45 or 75 J/cm 2 of UVA. These spectra are the mean of 15 scans and are given in adjusted normalized mean monochromatic absorption factor (mAF; lambda).
Sunscreen J is Photostable
Sunscreen J Prevents PLE
Under ''in-use'' test conditions, under the South African sun, only one subject of the 41 participants had a notable reaction, which was diagnosed by a dermatologist as sunburn due to overexposure and/or poor application of the tested product. Sunscreen J was judged to be efficient in preventing skin reactions 
DISCUSSION
Over the past 20 years, an increasing number of publications have reported the damaging effects of UVA radiation. It has been proven that UVA radiation induces molecular, cellular, and clinical damage, which may lead to photoinduced aging, immune system depression, altered gene expression, oncogenes, and tumor suppressor gene modulation partly responsible for skin cancer development [17] .
In parallel to this increased knowledge, progress has been achieved in sunscreen technology. A variety of UVA filters are now available and the present authors have combined them with UVB filters to produce a high protection and photostability with a minimum concentration of active ingredients. However, further UVA filters could be investigated for their synergistic qualities. There remains a need to improve sun-care formulations, particularly to provide broad UVA protection without losing cosmetic properties. Additionally, further development of new filter combinations with a low environmental impact should be continued.
As knowledge increases in photochemistry and photobiology, formulators face many challenges when developing new sunscreens.
Simply including UV filters in a formulation base does not ensure efficacy, photostability, or an aesthetically pleasing texture that is easy to apply, i.e., a product that the consumer will apply and continue to re-apply.
The fact that there is an increasing concern about the possible impact of chemical filters on the environment pushes formulators to try to reduce the amount of filters without decreasing the efficacy. This is an additional challenge.
To address these demands, a combination of UV filters was selected and was shown to be synergistic in terms of SPF and UVA-PF. In addition, the spectrofluorimetry measurements validated the performance of the TDSA and BEMT combination in reducing oxidative stress in both the stratum corneum and the living epidermis layers. 
